Section of Odontology
President-E. WILFRED FISH, C.B.E., M.D., F.D.S. R.C.S. [January 26, 1953] The Incidence, Nature, and Clinical Significance of Palatal Invaginations in the Maxillary Incisor Teeth By Professor G. E. M. HALLETT, M.D.S., F.D.S. R.C.S., H.D.D.Ed., L.D.S.
IT is quite obvious, clinically, that caries in or about the palatal cingulum pit occurs with considerable frequency and the carious focus seems to be the pit itself (sometimes called the foramen coecum) ( Fig. 1) .
Again, some of these teeth give depressed vitality reactions-though soon after eruption the point of a fine probe applied to the pit in the cingulum of the tooth may cause acute pain as if an exposure of the pulp were present. Occasionally it has been noticed that a patient presents with an apparen'ly normal incisor-usually a second maxillary-which, without any history of trauma or carious cavitation, has become abscessed, or failed to complete root development, or both (Fig. 2) . The matter becomes of great clinical importance if it can be shown that these developmental defects are present in a significant proportion of all cases, for the second maxillary incisor is a most important member of the dentition xsthetically and replacement by artificial means in the young person is a formidable problem.
During the course of this investigation a classification of invagination was adopted dependent largely upon degree of affection. It is realized that the Classes I-IV (in Group la) are an artificial arrangement and that many specimens may occur that fall between, but some assessment of degree was necessary for charting purposes, and all doubtful cases were referred to the next lower group. Our preoccupation has been with Classes I-IV of coronal invaginations occurring from the palatal pit, these being the "regularly occurring phenomena", and the other forms of dens invaginatus, as we prefer to term the malformation (rejecting dens in dente, gestant, and other inaccurate if long-used descriptions), will be mentioned only in so far as it is necessary for the development of our argument. GENERAL A definite cleft is formed in the palatal enamel at cervical level. This cleft runs vertically and there is no expansion or dilatation. The fissure stains darkly and the point of a sharp probe may stick in it. Caries is slow but develops steadily over a period of years,. Fig. 4 (1). II. The invagination extends towards the pulp chamber and a definite pit is formed in the cingulum. In the radiograph the invagination has a "tented" appearance. There is very slight or no dilatation and caries is not infrequent. Fig. 4 (2). m. The invagination extends deeply into the pulp chamber and is dilated. Extension may be beyond the amelo-cervical junction. The pulp chamber extends around the invagination except on the palatal,tspect.
The enamel lining may be complete or may fail in the deepest portions of the cavity. These teetlfusually develop caries, and may often suffer premature death of the pulp with incomplete root formation following infection from the mouth. Fig. 4 (3). IV. The invagination apparently occludes the whole of the coronal pulp chamber and may extend beyond the amelg-cemental junction level. There may or may not be a heavy deposit in the form of a"cap" on the involuted portion. The dilatation is greater than in Class III cases and often has a characteristic "flat-top". The same clinical considerations apply as in Class III cases. Fig. 4 (4).
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The literature on this subject is inextricably bound up with that of dilated, gestant, and other types of odontomes which are loosely referred to as dens in dente. It starts with "Socrates" writing in the Dentists Register (1856) and in 1859 Tomes described both the deeply invaginated types arising from the incisal edge and those arising from the palatal pit. Busch (1897) coined the term "dens in dente" believing two dental elements to be involved. In 1934 Kronfeld reported more extensively upon the phenomenon and suggested that the term "dens in dente" be dropped. His article marked the beginning of a new interest in invaginated teeth and since then there have been numerous, but usually short, communications on this subject, nearly all stimulated by the occurrence of a deeply invaginated or dilated type.
Bilateral occurrence has been noted as of great rarity and in 1947 Swanson and McCarthy reported what they believed to be the first case of this nature. Since then a few further bilateral cases have been reported (Searcy, 1948; Rabinowitch, 1949; Archer and Silverman, 1950; Townend, 1949) . The following investigation will show that the type of invagination under review is predominantly bilateral. The only authors to call attention to the phenomenon as a clinical problem of greater frequency than generally realized, are Atkinson (1943 Atkinson ( , 1949 , Rabinowitch (1949) and Townend (1949) . Taylor (1951) has reviewed a case of invagination from the palatal pit, and Munro (1952) published some similar cases from the records of the Dundee Dental Hospital.
Rushton (1936, 1937) , Sprawson (1937 ), Colyer (1926 , B0hn (1948) , Gustafson and Sundberg (1950) , Kronfeld (1934) and others have described specimens usually of the "dilated" and "gestant" types, and have given various accounts of their histogenesis.
The investigation.-Quite early in the investigation it became apparent that there would be some difficulty in deciding exactly what is a normal incisor, so wide were the variations discovered. About half of all incisors conform to an ideal morphology, in that the medial and distal palatal ridges of the crown merge imperceptibly into one another in the cervical region and the cervical bulge so produced blends smoothly into the palatal concavity. There are no pronounced furrows or pits. In the other 50 % there is a wide variety of palatal patterns produced by the different manner in which the medial and distal ridges are raised up and coalesce cervically. Clinically, a longitudinal fold may be produced, or there may be a pit of varying dimensions surrounded by enamel ridges of varying heights. These may be so high as to form accessory cusps and these cusps may be of two types. They may be asymmetrical being produced from the lateral ridges, or median by elevation of the cingulum enamel. The pits or folds may not catch the point of a fine probe and may never become a caries focus. In others the probe point sticks quite definitely, whilst some are frankly carious.
Two different sources of material were examined. One was of senior school children using ordinary visual and tactile methods. The other was of a series of skiagrams taken from the records of the Children's Department, Newcastle Dental Hospital.
The clinical examination.-Senior children were examined, as the minimum age would be 12 +, the incisors would have had some time for pre-carious fissures to stain, and for caries to develop in others. There was the slight disadvantage that more incisors would be missing from caries and traumatic injuries, but it was felt that this would not be an unduly high proportion and that such teeth could be noted and considered as negative as regards this investigation. 400 children were examined, there being an almost equal number of boys and girls. Each of the upper incisors was examined carefully with mirror and probe, and charted separately under the following headings:
(1) Fold (longitudinal cleft with no localized (4) Cusp (accessory). pitting).
(5) Fractured. (2) Pit.
(6) Dead teeth. (3) Caries (this was only registered for both (7) Missing teeth. fold and pits if the probe stuck, or if there (8) Diminutive and malformed. was unmistakable caries, or a filling already present).
These findings are given in Tables I and II. The radiological examination.-Though many of the children are X-rayed at the Dental Hospital for orthodontic reasons, it was felt that this would not specifically alter the issue in this investigation unless one were to include incisal overcrowding as a factor in the etiology (Euler, 1939; Atkinson, 1943) . The number of children attending for congenital partial anodontia, supernumerary teeth and rarer pathologies, is of course higher than in ordinary practice, or to be found, say, in the Grammar School examined, but it was not felt that, for the special purpose in hand, the cross section would be signiLrantly unrepresentative. In any case, this would be confirmed or otherwise by the Grammar School findings. It should be mentioned that all the age groups from 2-15, and the sexes, were randomly mixed in the radiological examination. (e) Poor skiagrams due to movement on the part of the patient. In all, 2,000 X-ray envelopes were examined, producing 586 cases where the quality of the films was adequate for a diagnosis to be made. If, for causes (a) to (e) previously cited, the data was inadequate the case was rejected and refiled. If there were clear skiagrams of the upper four maxillary incisors, it became one of the total of 586 and was pronounced negative or positive according to whether one or more incisors conformed to the writer's classification (see Figs. 3 and 4) or not. If positive, the individual incisors were classified I ... IV (Fig. 5 ). If there was any doubt as to the classification, the next lower group was inserted.
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Section of Odontology 495 It was found that, for the most part, the distribution of the invaginations amongst the incisor teeth was symmetrical, though in a few cases only one side showed the invagination, whilst the corresponding incisor of the other side was apparently normal.
The results were therefore tabulated in two groups:
(1) Symmetrical distributions; (2) Asymmetrical distributions (see Tables III, IV and V) . There were 278 of the former as against 13 of the latter, thus demonstrating a very strong tendency towards symmetry (21 to 1). This must be an important factor when considering aetiology. Another interesting point which emerged was that in almost every case in the symmetrical distributions, the maxillary second incisor was also affected if the first incisor showed either folding or invagination, and in most cases was more severely affected. In only 2 cases were these conditions reversed, i.e. where the central incisors showed a deeper invagination than the second incisors.
DISCussIoNs UPON THESE FmNDINGS
It was beyond the scope of this investigation to correlate the different degrees of invagination with caries incidence. Were all the 586 cases examined at the Grammar School recalled each year for a period of ten years some informative data could no doubt be obtained, but, allowance would have to be made for teeth lost from other reasons such as trauma, extension of medial and distal caries, and Proceedings of the Royal Society of Medicine so on. Also, for this purpose it would be better to take a large grcup of 8-year-old children rather than the mixed age groups included in the above survey, as they could then be followed through the remainder of their school life.
Whether invaginated teeth with their inherent weakness become carious at the site of the palatal pit soon after eruption or late, will depend largely upon the individual caries susceptibility.
For example in the case illustrated in Fig. 6 a similar degree of affection was present in the four maxillary incisors and although this patient was at the time of the photograph only 12, well-established caries was already present in the first incisors which in a short while would have led to pulpal exposure and infection. Occasionally one sees cases of Classes III and IV invaginations where, by the age of 16, there has been no filling inserted or signs of pulpal death. Nevertheless, so many pulpal deaths have been observed by us where invaginations have been present and no other apparent responsible cause that it must be considered neglectful to leave them untreated. It is here that the investigation of the Grammar School helps.
FIG. 6.-Class II invaginations in the four maxillary incisors of a boy of 12. Notation 2-2-2-2. The caries susceptibility is high and all the invaginations are carious, especially 11 which have been erupted longer than 212.
Out of 1,600 possible incisors 130 or slightly over 8 %, showed active palatal caries (judged by deep staining or the sticking of the probe point). Of the 130 teeth affected 116 were second incisors and 14 were first incisors. If these figures are examined separately we have:
First incisors (14 out of 800) 1 75%. Second incisors (116 out of 800) 14 5 %. The special tendency to invagination of the second incisors is manifest, being over eight times that of the first incisors. If we now turn to the radiological survey and take Classes III and IV invaginations together we find that 85 out of 2,344 incisors or 3 *61 % were affected. Taking these figures separately for first and second incisors we have:
First incisors (7 out of 1,172 teeth) 0*6%. Second incisors (78 out of 1,172 teeth) 6 66%. These percentages are almost exactly half those given above for cariously affected invaginations at the Grammar School, so that, assuming a similar distribution of the four degrees of invagination amongst the incisors of the pupils there (and this could only be established by X-ray examination) the conclusion must be drawn that palatal pit caries is spread over all the four degrees and that Classes III and IV types must not be considered as peculiarly susceptible. This observation does not, however, apply to their susceptibility to pulpal infection and death which can take place in the total absence of caries. Almost all the cases of which the writer has experience in which this has occurred have been in the more severe forms of invagination, and have occurred in young patients. By grouping Classes I and II invaginations together and comparing their incidence with Classes III and IV grouped together we have:
Classes I and II invaginations 249; Classes III and IV invaginations 42; out of 291 cases. That is to say, Classes I and II invaginations taken collectively are nearly six times more frequent than Clas §es m and IV taken collectively. A-further comparison between the figures obtained from the Grammar School survey and that carried out on the X-ray files of the Children's Department can be made.
Referring to Table HI it will be seen that the number of children at the school who had either pits or folds in one or more teeth were 158 out of 400 or 39 5 %.
The radiological survey showed that 49 6 %o bad some degree of invagination in one or more incisors. This means either that:
(a) the X-ray files were weighted to the extent of 10%; or (b) a further 10% of the cases could have been discovered had it been possible to X-ray all the incisors at the Grammar School.
We have repeatedly noticed that invaginations not readily detectable by visual and tactile methods of examination can be positively identified by X-ray examination. Reasons have previously been given why it was not considered that the files examined at the Dental Hospital should be unduly 496 on Section of Odontology weighted and it seems reasonable that the figure of an extra 10% should be due to the greater efficacy of the X-ray method.
It seems, therefore, that the greater the degree of invagination the higher the tooth mortality, for though caries is spread over all Classes I -IV, Classes III and IV are, in addition, more susceptible to pulpal death. ETIOLOGY Full discussion of the etiology (still not understood) is outside the scope of this communication. Most of the writings have been concerned with the so-called dens in dente, or the gestant, and dilated forms of odontomes. Occasionally when reporting cases of this nature, authors have touched upon the coronally invaginated incisor. Some authors have suggested that all invaginations are the same basic phenomenon, the different-forms being due to varying degrees of affection only (Gnamm, 1922; Colyer, 1926) .
The various theories can be summarized as follows:
(1) That two teeth or two separate dental elements are involved. This view was originally held by Baume (1874) ; Busch (1897) , who coined the term dens in dente; Lejeune and Wustrow (1920) who felt that it was an atavistic phenomenon supporting the concrescence theory; Herbst and Apfelstaedt (1939) , and more recently Gottlieb (1948) , who viewed invagination as a developmental defect arising during the fusion of the frontal and maxillary processes.
(2) That infection from a deciduous tooth is responsible (Fischer, 1936) .
(3) That the condition is due to "growth pressures" (Euler, 1939; Atkinson, 1949) .
(4) That the invaginations are an expression of atavism (De Jonge Cohen, 1919; Lejeune and Wustrow, 1920; Erausquin et al., 1932) .
(5) That traumatic forces have caused the anomaly (Hoepfel, 1936) .
(6) That they are quite simply hamartomas or hamartoblastoma3 (Tratman, 1951) . Apart from Gottlieb most, or indeed all other dental authorities of the present day agree that only one dental element or unit is involved. It is, however, quite possible for a supernumerary element to be associated with a tooth subject to invagination when it can be clearly seen that the two phenomena are quite separate. Gottlieb's theory also seems untenable in view of the figures arising from this investigation. If it were due to failure of union of the frontal and maxillary processes this would hardly affect not only the second incisors bilaterally but also the first incisors with relative frequency.
This should also serve to reject the infection theory which has only one fact to commend it, namely, that, so far, no case of invagination of the deciduous teeth has been reported. Growth pressures may seem a more attractive cause in these days of malocclusion due apparently to disharmony between size of teeth and supporting bone. Undoubtedly supernumerary and replacement types are frequently associated with invaginations and the premaxilla is the area most subject to supernumerary teeth. Nevertheless is it not difficult to find cases of severe invagination where the teeth are well spaced. Ten West African students were examined whose jaws and teeth were typically well developed and Class II invaginations observed in three of them (by X-ray). In 1 case the palatal pits were definitely carious to the probe. 57 cases demonstrating supernumerary teeth were examined and invaginations were detected in 27 or rather less than half. It would seem that invagination as an expression of inadequate developmental surrounding bone can hardly be supported.
The results of the investigation also discount the trauma theory of causation. This is not to say that occasional invagination of the enamel into the dentine is impossible, indeed in Salter's "Warty tooth" (1874), and in some of Gustafson's cases this was probably the prime cause. But the histological picture is different, being more like a sudden syncline and anticline in geological formation, and quite different from the ampulla-like invagination which occurs so regularly.
It seems probable then that these phenomena may be an expression of some powerful, if imponderable, tendency of phylogenetic origin. We do not know whether invaginations are on the increase or otherwise, and can therefore make no conjecture as to which way the tendency is being exercised.
Similar formations occur in the animal kingdom. The incisors of the horse and the zebra have strong points of resemblance. More particularly many of the quadrumania show a palatal grooving of the upper incisor teeth which seems normal for certain genera.
It is not known whether ancestral man was freer of these invaginations or not, but investigations by Montague (1940) suggest that primitive races have less incisal variations than "civilized" man. It has not been found possible to extract any figures supporting or denying the recurrence of the invaginations on Mendelian principles of inheritance. Patients are themselves, of course, quite unconscious of their existence and therefore unable to give a positive history in parents, uncles, and so on. It is, however, a field worthy of investigation. For those interested in the complex story of tooth evolution, these invaginated incisors may form a significant part of the anthropological dental puzzle.
The actual mechanism of development of these invaginations is also obscure and a matter of considerable contention. It will be noticed that we differentiate in the classification between those invaginations arising from the foramen cwcum or palatal pit and those arising from the incisal edge. The invaginations under discussion are from the palatal pit. Dens in dente, dilated and gestant types 497 498 Proceedings of the Royal Society of Medicine 22 on the other hand appear to arise from the incisal tip. There are two opposing views about the mode of origin of these anomalies. One is that a proliferation of the cells of the internal enamel epithelium takes place, and these cells then invade the dentine papilla. There comes a time when they are unable further to sustain their continued growth through self-strangulation, as it were, in the region of the operculum. Tissue tensions develop within the invagination and, according to the way in which these tensions are maintained or increased, so the different forms of dilated teeth result. Rushton, Swanson and McCarthy, Tratman, Hoepfel, and others support the proliferation theory, and Rushton formerly likened it to an adenomatous type of hyperplasia but has since withdrawn this suggestion. Others, Kitchin (1935 , Kronfeld, and Gustafson and Sundberg, suggest that rather than a proliferation of the internal epithelium, a local arrest of development occurs, the surrounding more actively growing cells then engulf ng the laggard tissue with a similar resulting invagination. Ultimate solution of this problem must await the amassing of sufficient histological evidence taken from early developing tooth germs at about the age of 7 months in utero onwards. Fortunately the invagination develops and calcifies paripassu with the rest of the tooth crown, so that the two most severe degrees can be diagnosed by means of the X-ray from a very early age and long before the actual eruption of the tooth in question (Fig. 7) . l w~. . . . . . . . . . It is our practice then in all malocclusion cases, incipient or established,!and estecially where extractions are contemplated, to scrutinize the maxillary incisors for presence and degree of palatal invagination as an important clinical factor to be weighed carefully in planning treatment. IF, as will be shown, the pulp of a maxillary incisor tooth with a palatal invagination is liable to suffer spontaneous death, it is valuable for the dental surgeon to be able to suspect from the appearance of the crown of an incisor tooth that such an invagination is present.
DIAGNOSIS
It would appear that only those teeth with the deepest cingulum pits are likely to be affected. Extracted upper lateral incisor teeth were taken at random and divided by crown morphology into three groups according to the depth of cingulum pit. The first group of teeth had no trace of cingulum pit whatsoever, t,be palatal surface being flat and smooth. The second group comprised those with the usual degree of palatal configuration and pit development, while in the third were placed those teeth only with very deep cingulum pits. Radiographs were then taken of these groups of teeth and it was found that the presence of invaginations was confined to those teeth in the deep pit group.
Therefore, although the presence of a very deep cingulum pit does not necessarily mean that an invagination is present, a tooth without such a pit is unlikely to be affected.
Unless caries has commenced in the deep pits of affected teeth, the point of a sharp probe will not necessarily stick in them although it may be trapped by the surrounding enamel walls.
The condition may be detected radiographically prior to the eruption of the tooth and in the majority of cases root formation continues to completion, eruption is unaffected and the response of the tooth to vitality tests in adult life is normal.
Invaginations appear to be more common in maxillary incisors in association with an abnormal crown form or with the presence of other developmental abnormalities of the dentition. Lateral incisors having a marked fossa on the mesial aspect and absence of the distal incisal angle frequently appear to be affected. In 2 patients invaginations in maxillary lateral incisors were associated with overdevelopment of the cingulum cusps. Supernumerary teeth in the mid-line of the maxilla were found in 5 out of 20 cases which showed palatal invaginations (as in Fig. 7 of Professor Hallett's paper). Another example of association with other developmental abnormalities of the dentition was a case showing bilateral invaginations in maxillary lateral incisors, with several premolars absent and the lower incisors represented by diminutive conical teeth.
There is thus an indication to take radiographs of upper lateral incisors in children when the crowns show very deep pits or some abnormal morphology and especially if, in addition, the dentition is affected by other developmental abnormalities such as supernumerary teeth or partial anodontia.
In relation to the diagnosis of this condition the following figures on incidence in patients at the Eastman Dental Hospital may be of value. Out of a series of routine full mouth radiographs on 150 patients with both upper lateral incisors present, 3 patients had bilateral invaginations in lateral incisors and 9 patients had unilateral invaginations. Thus 15 teeth were affected out of 300, an incidence of 5 % of upper lateral incisors. Intra-oral radiographs taken of the upper lateral incisors in 1,000 patients were examined. Of these, invaginations were present in 36 teeth, and of these teeth, the radiographs of 9 showed definite periapical changes resulting from pulp death.
